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Sakharov’s conditions of 
our Universe existence

• They were formulated in 1967 
• Inspired by the CP violation 

discovery in the kaon system

• Baryon number violation

• C, CP violation

• These processes happened when 
the Universe was not in thermal 
equilibrium
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Baryon number violation

• Current estimates from the SM: ~10-20

• 10 orders of magnitude difference
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CP violation
• CP violation (CPV) – violation of symmetry of 

physics laws in combined Charge-conjugate 
and Parity transformation

M.C.Escher rehcsE.C.M

M.C.Escher rehcsE.C.M
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CP
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Standard Model
• Standard Model Lagrangian
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Explanation by G.W.S.Hou
@ W&C 2/6/2009
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4th Generation helps!

• Baryon asymmetry due to the new CKM4 matrix could gain ~10+15!

• Explains the Kπ puzzle in Bu/Bd: ΔA=AK +π0-AK +π -~15%
• Explains large CPV in Bs mixing
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CPV: CKM matrix
• Wolfenstein parameterization of CKM matrix

• λ=sin(θCabibbo)≈0.23
• η≈0.35 – CP violation in SM
• From unitarity

• Angle βs in SM small NP effects more accessible
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• New Physics effects

parameters CP & Mixing  00
ss BB −

Flavor eigenstates propagate according to the Schrödinger Eq.
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SM:  
• as

sl is very small in the SM: +2·10-5

Semileptonic Bs asymmetry

• Directly related to the CPV: 

• as
fs=as

sl=∆Γs/∆ms tan(φs)
• New Physics parameterization (A.Lenz&U.Nierste)
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Measurements of as
sl

• Estimate from ∆Γs, ∆Ms and φs: as
sl=-(8.4+5.2

-6.7)·10-3
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Global fits

• The asl contributions are weak

V.Tisserand @ Moriond 09A.Lenz&U.Nierste
Just illustration…
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Available statistics

Data in this talk:  luminosity 5 fb-1

Thanks to the excellent performance of the Tevatron 
and the DZero detector
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DZero Detector
• Spectrometer : Fiber and Silicon Trackers in 2 T Solenoid 
• Muons : 3 layer system & absorber in Toroidal field
• Hermetic : Excellent coverage of Tracking, Calorimeter and 

Muon Systems
Toroid & 
solenoid polarity 
flipped regularly

Low background 
single and dimuon
triggers 
large B µX
semileptonic samples
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Analysis outline

• Charge of the muon at the same-side final state

0
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• Charge of the muon at the opposite-side initial 
state
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Truth level formulae for 
∆Ms and CPV (fs case)
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Time-integrated analysis
• No initial state tagging:

• Time integrated analysis

• 1st D0 publication on the direct 
measurement of as

fs
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Analysis with initial-state tagging

• Select only mixed decays

• No time dependence!
– Same-sign dimuon analyses

• Simple “counting” technique would work!
• Initial-state tagging is not 100% effective and 

accurate use events with no tagging
– Include time dependence to improve accuracy
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Detection level formulae
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• d is the initial-state tagging dilution (OST)
– d=0  no initial-state tagging (~80% of the events)
– d=1  100% accurate initial-state tagging
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Analysis Outline 
(more detailed)

• Select Bs candidate
– Bs νµDs( φπ or K*K)

• For each Bs candidate
– BS flavor at decay time from muon sign at the reconstructed side
– Transverse length LT  and its error
– Transverse momentum PT(Bs) (use PT(Dsµ))
– B-hadron flavor at the opposite side  (indicates BS flavor at production time)
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Challenge: High Track Multiplicity
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Signal Selection

• Select events with a muon
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Signal Selection

• Cluster tracks into jets 
• Find two tracks in the same jet with the muon

– different signs
– Impact Parameter significances with respect to the Primary Vertex
– common vertex
– φ mass
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Signal Selection

• Find third track in the same jet with the muon
– sign opposite to the muon
– Impact Parameter significance with respect to the Primary Vertex
– common vertex with kaons
– DS mass

µ+

π -

K+
K-

φ
D-

S

µ(e) B

ν

X

PV

00
ss BB ↔



24 Apr 2009 Matter/antimatter asymmetry (S.Burdin @ W&C) 25

Signal Selection

• Combine three tracks into Ds particle
– Decay Length significance with respect to the Primary Vertex
– common vertex with the muon
– some constraints on the µDS invariant mass
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Signal Selection Function

The following discriminating variables were used:

(PDFs for background and signal 
from data):

• Helicity angle;
• Isolation;
• pT(K+K-);
• Invariant mass, M(µDs);
• M(K+K-)



24 Apr 2009 Matter/antimatter asymmetry (S.Burdin @ W&C) 27

Signal Selection

• For each Bs candidate
– Determine measured Visible 

Proper Decay Length
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Proper Decay Length
• Proper Decay Length is 

determined from the 
Visible Proper Decay 
Length

• K Factor takes into 
account the escaping 
neutrino and other 
missing particles 
–

• From MC, each decay 
mode
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Initial State Tagging

• Use Opposite Side B-hadron
– bb pairs are produced

• Same-side tagging for Bs requires reconstruction of a kaon
charge asymmetry in Initial State Tagging due to 

different cross-sections with the detector material
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Initial-state tagging 
dilution

• Initial-state flavor discriminating variables 
have different PDFs for b and bbar quarks
– OST µ+ b-quark at the reconstructed side 

and reverse
• Construct ratios for each variable

• Dilution d=(1-y)/(1+y)
– εd2=(2.48±0.21)%
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Data samples
• Semileptonic samples at D0

– Bs µφπX:  81 394±865 (5fb-1) –Bs µK*K: 33 557±1200 (5fb-1)

~85% are used for the Bs asymmetry measurement
The remaining ~15% are coming either from Bu, Bd, Bs D(s)Ds or 

from different b or c quarks and not usable for the measurement

Good mass separation between Bs and Bd Bs and Bd overlap
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Fitting procedure
• Likelihood function for N events

• where fi is the fraction of the ith source, lM is the 
measured VPDL, σlM – its uncertainty, ysel –
selection variable, dtag – initial state tagging 
dilution, Aµ and AµOST – detector asymmetries

• PDF PlM is constructed from the decay rate 
formulae and the remaining PDFs were taken from 
data.

• Minimize -2lnL
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Description of asymmetries
• Afb – production forward-backward asymmetry

– Should be 0 at Tevatron
• Adet – detector (material) north-south asymmetry 
• Aro – range-out asymmetry

– change in acceptance and range-out of muon tracks that bend 
toward, or away from, the beam line

• Aqβ – detector asymmetry between tracks bending north and 
tracks bending south

• Aβγ – second-order detector asymmetry
– Non-zero if Aro and physics asymmetries are non-zeros

• These asymmetries are fully determined from the data 
because the toroid polarity is flipped regularly
– 1% precision for entire D0 sample

• Totally: 5 detector + 1 physics = 6 asymmetries
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Detector asymmetries 
• Detector asymmetries were taken into account using a technique 

developed for the dimuon analysis
Aµ=(1+qγAfb)(1+γAdet)(1+qβγAro)(1+βγAβγ)(1+qβAqβ)

toroid drift tubes

3m

4.25m

6m

trigger/veto scintillators

q – muon charge
γ – sign of muon η direction
β – toroid polarity

8 samples allow 
to determine all 
detector
asymmetries
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Kaon and muon asymmetries

• Kaon asymmetry was 
determined in “Study of 
Direct CP Violation in 
B±→J/ψK±(π±) Decays”

– Phys. Rev. Lett. 100, 211802 (2008)

• Important for the 
µ+K-K*( K+π-) sample
– K+ and K- have different pTthresholds

• In the µ+π-φ( K+K-) sample 
the kaons are symmetric

• Muon reconstruction ID asymmetry A(µ) originates from the local 
fit convergence (needed to reconstruct the muon parameters) 
and was determined from the J/ψ µµ sample at the level 
(-1.90±0.45)·10-3
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• Signal

• Combinatorial background
– Long-lived background
• Non-sensitive to the tagging
• Sensitive to the tagging
– Non-oscillating
– Oscillating with ∆md frequency

– Prompt background
• Width depends on resolution
• Constant width

Proper Decay Length 
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Fit

• Free fit parameters

bg

d
fs

s
fs

a
a
a - Bs semileptonic asymmetry

- Bd semileptonic asymmetry

- asymmetry in the combinatorial background. 
Was included into the oscillating long-lived 
term.

• All detector asymmetries: Afb, Adet, Aro, Aβγ, Aqβ
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Results

• Results of the asymmetry fit with statistical 
uncertainties
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Systematic uncertainties

• Negative contributions:
– Mass fitting procedure:  -0.0008
– Total branching fraction of Bs Dsµν: -0.0001
– Lifetime fit: -0.0001
– Opposite-side tagging: -0.0022

• Positive contributions
– The ad

sl from the fit is 2.5σ away from the SM and it 
could affect the as

sl in the µK*K mode due to the 
correlation (no mass separation). Set it to 0 to estimate 
the systematic error. Contribution is +0.0012
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1-σ contour

• Unfavoured ∆Γs – φs combinations

1σ

1σ
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Measurements of as
sl

• Estimate from ∆Γs, ∆Ms and φs: as
sl=-(8.4+5.2

-6.7)·10-3

This measurement )()(0091.00017.0 0012.0
0023.0 syststat +

−±−
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Conclusion
• The Bs semileptonic asymmetry was measured using 5fb-1

– Fermilab-Pub-09-140-E
– arXiv: 0904.3907
– Submitted to PRL

• Improves (and supersedes) the previous result by more than factor of 2
• Agrees and will be combined with the dimuon result

– The precision improves by more than 30%
• Complements the Bs J/ψ φ CP violation results
• Improves as

sl limits on new physics

• More statistics is being collected thanks to excellent performance of the 
Tevatron and detector.

• Stay tuned!

)()(0091.00017.0 0012.0
0023.0 syststata s

sl
+
−±−=


